ABSTRACT. Neuroblastoma is the most common and one of the deadliest among pediatric tumors; however, a subset of infants with neuroblastoma display spontaneous regression. The mechanism of spontaneous regression remains to be elucidated. TrkA plays an essential role in the differentiation and functionality of neurons; abundant TrkA expression is associated with favorable prognosis of neuroblastoma. All-trans retinoic acid (ATRA), a first-line drug for acute promyelocytic leukemia (APL) treatment, has been shown to induce differentiation and inhibit cell growth. Neuroblastoma tissues in our hospital inpatient were collected, primary cell culture was performed, and the cells were separated and purified to be (2015) cell line. Trypan blue exclusion was used to count the numbers of cells alive, morphological changes were observed under the phase-contrast microscope. RT-PCR was used to determine the expression level of TrkA. In this study, a human neuroblastoma cell line was successfully established; in addition, we demonstrated that ATRA induces growth arrest and promotes the differentiation of neuroblastoma cells. In addition, ATRA was shown to significantly increase the levels of TrkA mRNA expression. Therefore, we concluded that the elevated expression of the TrkA receptor is associated with ATRA-induced growth arrest and differentiation o neuroblastoma cells. The results of this study provide a theoretical basis for the clinical application of differentiation-inducing ATRA for neuroblastoma therapy.
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INTRODUCTION
Neuroblastoma (NB) is one of the most common pediatric neoplasms, originating from immature neuroblasts in the peripheral nervous system (Brodeur et al., 2009; Cheung and Dyer 2013) . NB shows remarkable heterogeneity, ranging from a favorable outcome because of spontaneous regression or complete remission after minimal therapy, to an unfavorable outcome due to relentless progression in spite of intensive multimodality therapy (Brodeur et al., 2009 ). This may be attributed to its heterogeneity at a molecular level, suggesting that the development of NB may involve a block in the differentiation of neural crest precursor cells. Recent studies have demonstrated that the TRK family of neurotrophin receptors plays an important role in the diverse behavior of NB (Chang et al., 1998; Brodeur et al., 2009) .
TrkA, a principal receptor of nerve growth factor (NGF), belongs to the TRK family of neurotrophin receptors, and displays the characteristic features of tyrosine kinase (TK) receptors (Snider, 1994) . The binding of NGF to TrkA promotes the growth, differentiation, and survival of neural cells (Kaplan and Miller, 2000) . The TrkA receptor undergoes dimerization, followed by autophosphorylation regulated by the intrinsic receptor tyrosine kinase, upon interaction with NGF (Jing et al., 1992) . The activated receptor complex mediates the signal via the ras, raf, and MEK pathways to the nucleus, where the immediate response genes are activated (van der Geer et al., 1994) . Previous reports have revealed that TrkA regulates the growth and differentiation of NB cells in vitro and in vivo (Matsushima and Bogenmann, 1993; Kim et al., 2002) . TrkA has been reported to play a pivotal role in NGF-induced differentiation of in vitro cultured neurogenic cells, including NB cells (Sugimoto et al., 2001 ). TrkA expression is also important for the development of normal sympathetic neurons, and current evidence has demonstrated that TrkA expression is greatly associated with a favorable prognosis of NB; in fact, low or absent TrkA expression is correlated with poor outcome.
Retinoic acid (RA), the biologically active derivative of vitamin A, has three isomers: all-trans RA (ATRA), 9-cis RA, and 13-cis RA. Both neurotrophins and RA play important roles in developmental neurogenesis, involving differentiation, death, and survival of neurons (Siddikuzzaman et al., 2011) . ATRA induces morphological and molecular changes in human NB, including responsiveness to neurotrophins. ATRA is the biological ligand for the retinoic acid receptor (RAR), and is one of the most potent in vitro inducers of human neuroblastoma differentiation (Heyman et al., 1992) .
Spontaneous regression has been found in many types of human cancers; the greatest number of cases of spontaneous regression have been documented in patients with NB (Evans et al., 1976; Papac, 1998) . A subset of NB patients experience regression after minimal or no treatment. The mechanism of regression has become the focus of recent studies investigating novel strategies for the therapy of human cancers. A large number of reports suggest that the NGFTrkA pathway contributes to the spontaneous regression of NB, and that abundant TrkA expression causes growth arrest and promotes the differentiation of NB cells into a regressed or benign state (Chang et al., 1998; Brodeur et al., 2009) . In this study, we observed ATRA-induced growth arrest and differentiation associated with higher TrkA mRNA expression in human NB cells, with an aim of providing a theoretical basis for the clinical application of differentiation-inducing reagents for NB therapy; in addition, we attempted to determine the possible mechanism of spontaneous regression of NB.
MATERIAL AND METHODS

Establishment of NB cell line and cell culture
The human NB cell line was established from a 2-year old NB patient from our hospital. The cells were cultured in Dulbecco's modified Eagle's medium (DMEM), containing 10% fetal bovine serum (FBS; Invitrogen, Carlsbad, CA, USA), penicillin (100 U/mL), and streptomycin (0.1 mg/mL). The cells were incubated at 37°C in a humidified incubator, containing 5% CO 2 (Chang et al., 1998) .
Cell treatment
The NB cells were divided into three groups: in group A, the cells were exposed to 5 μmol/L of ATRA; the cells of group B were exposed to 20 μmol/L of ATRA, and group C was the control group, where cells were cultured in DMEM without ATRA. Each group was prepared in quadruplicate.
Viable cell count
Cells (2 x 10 5 ) were seeded into the wells of a 24-well culture plate containing 1.5 mL culture medium/well. The cells were treated with or without ATRA, as described above. The viable cell count was determined 0, 2, 4, 6, and 8 days after ATRA treatment, using the trypan blue exclusion method.
Analysis of cell differentiation
The cells were seeded at a density of 1 x 10 3 cells/cm 3 in 25 cm 2 culture flasks and treated with or without ARKA, as described in a previous subsection. The cell differentiation was analyzed 0, 2, 4, 6, and 8 days after treatment by the Sandquist method, as described in a previous study (Kim et al., 1999) : the axons of the differentiated cell must extend to more than twice the diameter of the cell body. The rate of cell differentiation was determined based on five views of 200 cells each.
Reverse transcription polymerase chain reaction RT-PCR
The total RNA was extracted from the NB cells of each group using the TRIzol reagent (Invitrogen) according to the manufacturer protocols. The total RNA was reverse transcribed using TaqMan reverse transcription reagent (Applied Biosystems, Foster City, CA, USA), and the newly generated cDNA was amplified using the Gene Taq PCR reagent (TaKaRa Bio Inc., Otsu, Japan) following the manufacturer protocols. The reaction conditions were set as follows: one cycle of denaturation at 94°C for 4 min, 35 cycles each of denaturation at 94°C for 30 s, annealing at 60°C for 30 s, and extension at 72°C for 1 min, and a final extension at 72°C for 10 min. The primers used for the PCR amplification of TrkA were as follows: 5'-CTGGGCGGAGTGCCTGAA-3' and 5'-GGCTCCGGCTCCAGGAA-3'. An appropriate volume (10 µL) of each PCR product was electrophoresed on a 2.5% agarose gel, and visualized with ethidium bromide (EB). The expression of TrkA mRNA was normalized to that of the housekeeping gene GAPDH. The amplified TrkA fragment was 528 bp long, while that of GAPDH was 400 bp.
Statistical analysis
All data was analyzed using SPSS (v.12.0) software (IBM, Armonk, NY, USA), and results presented as mean ± standard deviation (S.D.). Student's t-test was used to assess the statistical differences between two groups. P values < 0.05 were considered to be statistically significant.
RESULTS
ATRA induces growth arrest in NB cells
We observed a significant increase in the rate of inhibition of cell proliferation after treatment with ATRA. Table 1 indicated that the number of cells was similar on the first 2 days. However, the number of cells remained significantly higher in group C than those in groups A and B after 4, 6, and 8 days (P < 0.05); also, group A has a greater number of cells than group B (P < 0.05). Cells in group C showed normal proliferation, while the ATRA intervention notably inhibited the cell growth in groups A and B (Table 1 ). The proliferative ability of NB cells in group B (treated with 20 µmol/L of ATRA) was significantly attenuated, which was much more evident than that in group A (treated with 5 µmol/L of ATRA; P < 0.05). 
ATRA promotes differentiation of NB cells
The NB cells in groups A and B showed remarkable morphological differentiation, including neurite extension, after ATRA treatment (Figure 1 ; Table 2 ). Neurite extension was apparent in groups A and B after ATRA treatment, and became longer and branched after 2 days (Figure 1) . However, the NB cells in Group C showed no apparent morphological differentiation ( Figure 1A) . The percentage of cell differentiation at different times after treatment, and under the influence of different concentrations of ATRA is summarized in Table 2 . The percentage of cell differentiation increased significantly after 2 days in groups A and B, compared to that seen in group C (P < 0.05). The percentage of cell differentiation increased gradually with the treatment period; in addition, the percentage of cell differentiation in group B was always higher than that in group A at the same experiential time (P < 0.05) Compared to Group C, Δ P < 0.05. Compared to Group A, *P < 0.05.
Expression of TrkA mRNA was elevated in NB cells treated with ATRA
The level of expression of TrkA was higher in the groups treated with ATRA (A and B) than that in group C (no ATRA intervention; Figure 2) . The TrkA levels increased notably in groups A and B 2 days after ATRA intervention, compared to that in group C (P < 0.05; Figures 2A and 2B) . The TrkA mRNA expression was much higher in group B (20 µM ATRA) than that in group A (treated with 5 µM ATRA) 6 days after ATRA intervention (P < 0.01; Figures 2C and 2D) . ATRA significantly elevated the TrkA mRNA expression in groups A and B, compared to that seen in group C (P < 0.01; Figures 2C and 2D) . 
DISCUSSION
ATRA is a useful pharmacological reagent for chemoprevention and differentiation therapy of some human cancers (Masetti et al., 2012) . ATRA has become the first choice drug for acute promyelocytic leukemia (APL) therapy because of its particularly impressive outcome in its treatment (Masetti et al., 2012) . Previous studies have suggested that ATRA exerts an anti-tumor effect by regulating the cell growth and differentiation; therefore, in this study, we attempted to determine if ATRA inhibits NB cell growth and promotes NB cell differentiation into a regressed or benign state. The results showed that NB cells undergo differentiation after 2 days of treatment with ATRA (5 μmol/L); this was characterized by a decrease in cell proliferation and morphological changes such as neurite extension. Many NB cells exposed to physiological concentrations of ATRA differentiated to a neuronal phenotype, and the proportion of differentiated cells increased with the ATRA treatment period. The results of this study also indicated that ATRA obviously affected NB cell growth arrest, and the proliferation ability was directly correlated with the concentration of ATRA. Based on these results, we concluded that ATRA induces growth arrest and promotes the differentiation of NB cells. In this study, a NB cell line was successfully established from fresh human NB specimens, which provides an excellent cell model system for ATRA-induced cell differentiation. ATRA induces the differentiation and inhibits the proliferation of NB cells; this suggested that ATRA may be used an anti-tumor therapeutic agent for differentiation therapy of NB, similar to APL therapy.
ATRA regulates cell growth and differentiation by modulating the gene expression, predominantly mediated by the ATRA-nuclear retinoic acid receptors (RARs) pathway (Masetti et al., 2012) . TrkA has been shown to regulate the growth and differentiation of NB cells; TrkA expression plays a decisive role in the prognosis of NB, and is closely associated with spontaneous regression. Therefore, the role of TrkA in regulating the differentiation of NB cells exposed to ATRA, and the role of the ATRA-RAR pathway in the regulation of gene expression must be studied. In this study, ATRA was shown to upregulate the TrkA expression in NB cells. The mRNA level of TrkA increased and the morphological variation in NB cells also appeared after 2 days of ATRA treatment, whereas, the obvious growth arrest was observed after 4 and 6 days of ATRA treatment. The results indicated that the increase in TrkA expression precedes the growth arrest and morphological differentiation; that is, growth arrest and morphological variation were associated in part with the increase in TrkA expression. In other words, the NGF-TrkA pathway mediated the NB cell growth-and differentiation-regulating effects of ATRA. Therefore, TrkA may be one of the targeted genes modulated by the ATRA-RAR pathway during ATRA induction. However, the detailed signaling pathway and mechanisms remain to be elucidated.
This study revealed that ATRA induced growth arrest in and promoted the differentiation of NB cells, possibly by up-regulating TrkA mRNA expression at the transcriptional level. The elevated TrkA expression can be considered as a useful marker of favorable prognosis of NB; in addition, this is closely associated with the regressive state of NB. Therefore, we strongly propose that ATRA can be included in the development of an effective anti-tumor differentiation therapeutic strategy for NB.
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